TREATING COMPOSmONS WITH LACTOFERRIN 
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Field of the Invention 

The present invention relates generally to the glycoprotein iactoferrin, its production, 
purification, and uses. 

Background of the Invention 

Lactoferrin plays an important role in iron transport and utflization in humans. A 

glycoprotein containing about 6% sugar and having a total molecular weight of about 80,000 

daltons, human lactoferrin is capable of binding two ferric ions with high affinity. Although 

lactoferrin binds iron tightly, the binding is reversible so that the metal is available upon demand 

to cells with a need for this essential element. The metal is captured by the side chains of 

specific amino acids: two tyrosines, one histidine and one aspartate which in combination form a 

cleft in the surface of the protein. That portion of the protein which contmns the aforesaid four 

amino acids and fontns the cleft is termed the "iron-binding domain*" Each natural lactoferrin 

molecule has two iron-binding domains. 

Human milk is high in lactoferrin content The high degree of iron absorption fix)m 
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human milk is manifested in a low incidence of iron deficiency anemia among breast fed infants 
compared to infants fed with cow's milk. Accordingly, lactoferrin is a key protein for healthy 
development of infants. Laptoferrin also plays an important role in cell-mediated host immunity. 
It is present in high concentrations in all bodily secretions, such as tears, sweat, and ciliated 
respiratory mucous. Because it sequesters iron, lactoferrin can neutralize pathogenic 
microorganisms by preventing them fi^om obtaining necessary iron at the site of entry, thereby 
preventing the spread of infection. 

Although iron is an essential material in hunaans, excess iron in the body can induce 
pathological conditions as well. Chronic iron overload, known as hemosiderosis, is 
characterized by a greater than normal local or generalized det>osition of iron within certain body 
tissues. Lactoferrin helps to manage the balance of free iron in the body to prevent occurrence of 
such pathological states in healthy individuals. 

The severely limited amount of human milk, the major source of human lactoferrin, 
restricts lactoferrin production. Furthermore, production of lactoferrin from human milk presents 
a risk factor of infectious contamination. That is, it could carry with it a potentially lethal 
contaminant, such as the human immunodeficiency virus (HTV) or another undesirable agent 

Summary of the Invention 

Accordingly, the present invention provides for the cloning and expression of human 
lactoferrin usii^ recombinant DNA techniques. The lactoferrin of the present invention is free 
of naturally occurring contaminants, e.g., proteins and viruses, that would be detrimental to the 
recipient 

In one embodiment of the present invention there is provided a gene comprising a DNA 
molecule encoding human lactoferrin protein. More particularly, the DNA molecule comprises 
the nucleotide sequence (Seq. ID No. 1) and the protein comprises the amino acid sequence (Seq. 
ID No. 2) as substantially depicted in Figure 3. An expression system is provided for expressing 
the gene encoding the protein. Preferably, the expression system is a plasmid. Also described 
herein, is a host cell line transformed with the gene of the present invention, i.e., the gene 



encoding human lactofenm Preferably the host cell organism is a eukaryotic cell. 

In another embodiment of the invention, there is provided a method of producing human 
lactofenin comprising the steps of (a) isolating a gene encoding human lactoferrin; (b) 
transformmg a host cell with the gene; (c) culturing flie transformed cells which express the gene 
product; and (d) collecting lactoferrin from the cells. 

In a further embodiment of the invention there is described a chromatography method for 
purifying lactoferrin protein, and other proteins, comprising the steps of (a) contacting a 
substance with a first adsorbent to obtain adsorbed and non-absorbed fractions; (b) eluting the 
adsorbed fraction with an eluant; and (c) contactii^ the adsorbed fraction with a second 
adsorbent, \;rfierein the improvement comprises equilibrating the second adsorbent with the 
eluant followed by contacting the eluate containing the adsorbed fraction with the second 
adsorbent. 

In still a further embodiment of the invention there is provided a method for inhibiting 
microbial growth in a mammal comprising topically or systemically applying to a subject a 
therapeutically effective amount of lactoferrin having less than about 25% metal loadmg; a 
method for inhibiting iron deficiency in a mammal comprising orally adnainistering a 
thempeutically eflFective amoxmt of lactoferrin having at least about 35% iron loading; a 
nutritional supplement comprising an iron-loaded human lactofmin having at least about 35% 
metal loading and a nutritionally acceptable carrier or adjuvant; a topical antiseptic comprising a 
therapeutically effective amount of lactoferrin having less than about 25% metal loading and a 
pharmaceutically acceptable carrier or diluent; and a method for inhibiting food spoilage 
comprising adding to the food an effective amount of lactoferrin having lei^ than about 25% 
metal loading. 

Brief Description of the Drawings 

Fig. 1 is a schematic diagram showing the chromatography method of the invention. 
Fig. 2 is a flow chart showing the purification of lactoferrin. 

Figs, 3a-3d show the nucleotide sequence (Seq. ID No. 1) and the deduced amino acid 



sequence (Seq- ID No. 2) of ihe gene enccKiing human lactofenm 

Fig. 4 is an agarose gel analysis of amplified cDNA coding human lactofeirin. 
Fig. 5 is a map of the pUCl 1 8 plasmid. 
Fig. 6 is a map of the pHIL-Dl plasmid. 
Fig. 7 is a map of the pPIC9 plasmid. 

Fig. 8 is a restriction fragment map of the cDNA lactoferrin gene. 
Fig. 9 is an SDS-PAGE analysis of recombinantly expressed lactoferrin according to the 
present invention. 

Fig. 10 is a Western blot analysis of &e recombinantly expressed lactoferrin according to 
the present inventioiL 

Breif Description of the Invention 

Lactoferrin is produced in accordance with the present invention using recombinant DNA 
technology to produce genetically modified DNA that expresses lactoferrin. The recombinant 
DNA technology described herein is standard technology in the art, such as described by 
Maniatis, Molecular C lnnin p! A T^oratorv Manual, Cold Spring Harbor Press, 1989, Chapter 
14, which disclosure is hereby incorporated by reference. That is, a polypeptide containing the 
primary structural conformation of the naturally occurring human lactoferrin protein, havmg 
similar biological (i.e. physical) properties is produced The DNA encoding lactoferrin is 
preferably from a cDNA library derived from human RNA and ligated to an appropriate 
exiH^ession vector according to standard techniques in the art, such as those disclosed in Davis, et 
al., Basic Methods in Molecular Biology. Elsevier Science Publishing Co. (1986), which 
disclosure is hereby incorporated by reference. Preferably, the RNA is isolated fix>m the human 
mammary gland and the preferred vector is phage A.gtll. The cDNA library is screened for 
positive (DNA carrying the lactoforin gene) clones using conventional techniques m the art, 
such as disclosed by Davis, et al., supra, and Rado, et al.. Blood 70:4, 989-993 (October, 1987), 
which disclosure is hereby incorporated by reference. For example, the cDNA is hybridized to a 
radiolabeled oligonucleotide probe and the positive clones identified by auto radiography. 



Preferably, positive clones are identified using lactofemn antisem, and an appropriate 
development system, such as an avidin/biotin reaction system. Large numbers of positive clones 
are then generated by infecting an appropriate bacterial host, such as R coli Y 1090, using 
methods that will be readily apparent to the skilled artisan such as d^cribed by Davis, et al, 
(1986), supra . DNA is then isolated from the clones. The cDNA encoding lactoferrin is 
titereafter cut with an appropriate restriction endonuclease such as EcoRI. The cut DNA 
encoding lactofemn is separated by chromatography. Preferably, the separated cDNA is further 
sub-cloned into another vector, such as the pGEM-4 plasmid, and the inserted cDNA again 
excised and separated. 

Expression of human lactofarin according to the |H:esent invention is performed using an 
appropriate host organism, such as the yeast Pichia pastoris with an appropriate expression 
vector such as those driven by the alcohol oxidase promoter and disclosed in Tschopp, Nucleic 
Acid Research. Vol 15, pp, 3859-3876, (1987). Other useful hosts include: (i) the yeast 
Hansenula pol vmoipha with an appropriate expression vector driven by strong promoters such as 
medianol oxidase (MOX), dihydroxyacetone synthetase (DAS), or formate dehydrogeimse 
(FMDH) as disclosed in Gellisen, Bioteck Adv,, Vol 10, pp, 179-189, (1992) the disclosure of 
vMch is incorporated herewilh by reference; and (ii) the Spodoptem frugiperda insect cells with 
an appropriate expression vector such as a Baculovkus expression vector system driven by 
polyhedrin promoter as disclosed in Gruenwald, Baculovirus Expression Vector System: 
Procedures & Methods Manual Second Edition, 1993 by Pharmingen, the disclosure of which is 
incorporated by reference herem. 

Insertion of tl^ cDNA and expression of the human lactoferrin are carried out using 
standard recombinant techniques that are readily apparent to one skilled in the art, such as 
described in Rothstem, Methods m Enzvmology. 101, 202-210 (1983); and Tschopp, et al„ 
Bio/Technology. 5, 1305-1308 (1987), which disclosures are hereby incorporated by reference. 

In a preferred embodiment, to obtain the fiill length cDNA clone of lactoferrin, the gene 
is amplified from a human mammary gland library using the polymerase chain reaction (PCR) 
technique. Preferably, ampKfication of the insert encoding the lactoferrin gene is achieved by 



using two synthetic oligonucleotide probes corresponding to the amino acid sequence residues 1 
to 9 of the amino terminus and residues 2070 to 2079 of the carboxy terminus. The amplified 
insert is cut out with restriction enzymes BamH I and Xba /, then purified, and ligated into an 
appropriate vector, preferably pBlueScriptKS+, which is digested with the same restriction 
en2ymes. The lactoferrin gene is ftirther subcloned into pUCl 18 vector, cut with Hind HI and 
Sst I to produce a plasmid designated pUCl 18-LF, containing the coding region for the mature 
lactoferrin protein. Secretion of the lactoferrin protein may be further enhanced by further 
manipulations of plasmid pUC118-LF. For example, the following two methods are provided 
for putpos^ of illustration. 

The first method is the addition of a signal sequence to the 5* end of the clone^ The 
preferred signal sequence is that described by Powell, et al., Nucleic Acids Research. 18, 4013 
(1990), which disclosure is hereby incorporated by reference. pUC118-LF modified with the 
aforementioned signal sequence is defined as pUC118-LFS. Preferably, the lactoferrin gene, 
together with the signal i^quence is cut fix^m pUC118-LFS and then ligated to pHIL-Dl to 
produce pHIL-Dl-LFS. 

The second, and more preferable, method employs the alpha matmg factor pre-pro 
secretion signal. The matui^ lactoferrin gene is cut fix>m plasmid pUCUS-LF and ligated to 
plasmid pPIC9 which had been previously ligated with an alpha mating factor pre-pro secretion 
signal. 

An additional embodiment of the present invention relates to fi-agments of both the 
lactoferrin gene and lactoferrin. The active sites of the lactoferrin protein are the iron-binding 
domains. Protein sequence which coitfain one or more of tiie iron-binding domains of the 
lactoferrin protein sequester iron and, therefore, are usefiil in the antiseptic, dietary supplement, 
and food-spoilage retardant embodiments of the present inventioiL The present invention 
contemplates a (DNA) fi-agment of tiie DNA molecule encoding human lactoferrin. The 
fragment encodes a portion of the human lactoferrin protein containmg at least one of the iron- 
binding domains. 

For example, a DNA fr^ment of the lactoferrin gene encoding only one iron-binding 
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domain of human lactoferrin can be obtained through a specific design of oligonucleotides for 
PCR amplification or through an antibody probe screening of a cDNA library, which procedures 
are readily apparent to one skilled in the art. These firagments are also usefiilj, e.g-, as 
int^mediates in the synthesis of the fiill-length gene and protein. 

Expression of human lactoferrin using the aforementioned modified plasmids is carried 
out according to techniques that wUl be readily apparent to the skilled artisan, such as those 
disclosed fai Rothstein (1983) and Tschopp, et al., (1987), supra . 

Purification of the expressed protein according to the present invention is preferably 
carried out by one of several metiiods. In one preferred embodiment, a cell-^fi'ee culture media 
conMning the expressed lacio&mn protein is passed throu^ a filter that retains material having 
a molecular weight greater than abotrt 10,000 daltons and then sterilizing the retained protein. 
The material retained by the filter is subjected to a two-step affinity chromatogmphy process. In 
the first step, the affinity ligand is the reactive dye Cibacron blue F3G-A (color index (C.L) 
61211, hmx 605(374)nm) as disclosed by Bezwoda, et al., riin. (^ him. Acta., 157, 89-94 
(1986); and Chemical Abstracts Service (CAS) No. 12236-82-7, which disclosures are hereby 
incorporated by reference* Cibacron blue F3G-A can be covalently bound to a cross-linked 
agarose gel by the triazine coupling method as described by Bohme, et al., J> Chromatogmphy. 
69, 209-214 (1972), which disclosure is hereby incorporated by reference. In the second step, 
controUed-pore glass (CPG) or silicic acid is used to fiirther purify the adsorbed material 
obtained in the first step. 

In another preferred embodiment, the adsorbed material from the CPG or silicic acid is 
fijrfher chromatographed in a third step using one of the following chromatography techniques 
before final filtration and sterilization: T-Gel chromatography; iromobilized metal-ion affinity 
chromatography (MAC) using a metal ion capable of forming a complex with lactoferrin, such 
as nickel or copper, which can be coupled with an imminodiacetic acid-epoxy activated gel (IDA 
Me(n)) as described by Sulkowski, Frontiers in Bioprocessing. Sidkar et ai., Ed., 343-353 
(1990), which disclosure is hereby incorporated by reference; or chromatography with the ligand 
phenyl glycidyl ether, which can be coupled to a cross-linked agarose gel as described by Janson, 



et al.. Protein Purification Principles High Resolution Metihods and Applications. VSH 
Publishers, New York (1989), vMch disclosure is hereby incorporated by reference. The two- 
step and three-step methods previously described are schematically shown by the diagrams in 
Figure 2. 

The improved chromatography process of the present invention is useful in purifying 
proteins, such as lactoferrin produced in accordance with the present invention. As shown in 
Figure 1, crude fermentation brotit contained in tank 1 passes to permeable membrane 3, which 
retains material having a molecular weight greater tban 10,000 daltons and passes an ultra filtrate 
containing water, salts, and low molecular-weight proteins. The retained material is washed widi 
a buffer and fiirther concentrated. The washed material is then applied to chromato^:^hy 
column 5 containing an adsorbent that has been equilibrated with the buffer used to wash the 
filtered material while valve 7 is open and valve 9 is closed. After non-adsorbed material is 
discharged through valve 7, valve 7 is closed and valve 9 opened. Adsorbed material is then 
eluted, and the eluate passed directly to the secoiKl column 11, containing an adsori>ent 
previously equilibrated with tiie eluant used to elute the adsorbed material. Use of tiie same 
medium to elute material fi^om Ihe adsorbent in column 5 and equilibrate ^ adsorbent column 
11 avoids the i^d for timely and involved medium exchange procedures between flie two 
adsorption steps. Passage of flie adsorbed material throu^ column 1 1 occurs vMLe valve 13 is 
open and valve 15 is closed. Eluting adsorbed material from column 1 1 occurs while valve 13 is 
closed and valve 15 is open, thereby passing eluate fi-om column 11 directly to a filter (not 
shown) capable of retaining material having a molecijlar weight of at least 10,000 daltons. 
Although demonstrated for use in purifying lactoferrin, tiie aforesaid method and apparatus is 
contemplated in other tandem chromatography procedures tibat will be readily apparent to the 
skilled artisan. For example, the invention is useful in purifying proteins with similar 
hydrophobicity to lactoferrin. 

The lactoferrin of the present invention having either no metal loading (iron-firee 
lactoferrin^ apolactoferrin) or a low metal loading, preferably less than 25%, more preferably less 
than 20%, most preferably less than 10% of the metal-binding sites occupied, by virtue of being 
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capable of sequestering a significant amount of iron, is useftil in applications to individuals 
where the removal of iron or other transition metals &om the individual can have beneficial 
effects, such as in cosmetics, personal hygiene products, such as feminine douches and 
mouthwashes, medical and surgical devices and products, topical antiseptics, ophthahnic 
solutions, oral and intravenous antibiotics, immunopotentiators, antioxidant, and anti- 
inflammatory and anti-tumor agents. 

Lactofernn can be used as an antiseptic m accordance with the present invention either 
alone or in the form of a powder, solution, ointment, aerosol spray, or cream to any part of the 
subject as an aid in the prevention or treatment of microbial infections. By depriving the 
surroundmg environment of iron, lactofernn inhibits the growth of microbes, such as bacteria. 
Preferable antiseptics of the present invention include lactoferrin either alone or compounded 
with carriers such as saline, silica, talcum, stearic acid, its magnesiimi or calcium salt, 
polyethylenegiycol, and fatty emulsions and suspensions that will be readily apparent to the 
skilled artisan. The lactoferrin is preferably present in the antiseptic based on 1 ml of the carrier 
at 0. 1-2 n^, preferably 0.2-2 mg. An effective amount of the lactoferrin varies depending on the 
individual treated, severity of infection, if any, and the area to which administmtion is 
contemplated. Preferably, in treating mammals a twice-daily administration of 0.1-2 mg, more 
preferably 0.5-2 mg, most pref^ably 1 mg, of lactoferrin per 1 square centimeter effected area is 
contemplated more preferably 0.1 square centimeter, Lactoferrin can be used as an antiseptic in 
accordance with the present invention to treat accidental scratches or bums. For example, 
lactoferrin is applied over the affected area in the form of a 0.1-2 weight %, preferably 0.1-1 
weight % solution, or such a solution is used to impregnate a Band-Aid type bandage with 
lactoferrin. Lactoferrin can be used as an antiseptic in accordance with the present invention to 
provide prophylaxis in personal hygiene products. For example, the prevention of vaginal 
infections is accomplished by daily administration of 25-50 mg of lactoferrin in a form of 
douches or pads. Similarly, the oral infections are prevented by daily administration of 25-50 
mg of lactoferrin in a form of mouthwash. Also, lactoferrin provides added protection against 
sexually transmitted infectioiis when compounded into any device used during sexual activities 
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by either males or females. For example, lactoferrin is add^ into lubricant to cover condoms at 
the concentration of 25-50 mg per ^plication. Lactoferrin can be used as antiseptic in 
accordance with the present invention to impregnate surgical tools, materials or protective 
clothing that is used by health care personnel. For example, surgical gloves, masks or linens are 
covered with a 0.1-2.0% by weight solution of lactoferrin, preferably 0.1-1% by weight. The 
solution can be applied by a spray, conveniently provided in pressurized aerosol cans or pump 
bottles. 

Lactoferrin can be useful in tibe treatment and prevention of opportunistic bacterial, viral, 
and fimgal infections. Opporbmistiic infections are causal by normally non-pathogenic 
organisms in patients whose host defense mechanisms have been compromised. By sequestmng 
iron, lactoferrin inhibits the growth of these organisms, making them more susceptible to 
antibiotic therapy. Depending on the type of infection involved, treatment can involve one or 
more types of systemic (oral, nasal, intravenous, etc.) or topical administration. Examples of 
such infections include pneumonia, acquired immune deficiency syndrome (AIDS), candidiasis, 
diarrhea, and neonatal sepsis. In treating pneumonia, for example pneumonia caused by 
Streptococci pneumoniae, antibiotics have minimal impact on mortality during the first five 
days of ilhiess. By sequestering iron, lactoferrin can inhibit the growth of pneumococcals, and 
make them more susceptible to antibiotic ther^y. Although administration by oral and 
intravenous routes is contemplated, a simple delivery system of lactoferrin by inhalation 
involving topical adniinistration to pulmonary membranes is most prefoxed. Generally, 
treatment will involve administration three to fo\ir times daily of an aqueous solution of 
lactoferrin in an amount of 100-200 mg per dose for a period of time of 7 to 10 days by 
inhalation using a known inhaler. A particular cause of opportunistic infections is the lowered 
host immunity caused by AIDS. Systemic administration of lactoferrin in ADDS patients can 
help prevent or at least delay the onset of secondary infections. A variety of treatment modalities 
are contemplated. Intravenous administration of lactoferrin twice daily in an amount of 100-200 
mg per injection is recommended for a period of time of one week followed by a one week 
break. The continmtion of this pulse therapy is contemplated for a period of time of three to six 
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months. Depending on tibe particular infection, an additional localized treatment is also 
contemplated. For exanQ>le, in the case of oral candidiasis, the treatment will include 
administration of lactoferrin as a mouthwash twice daily in an amount of 100-200 mg per dose 
foraperiodoftimeofTto lOdays. For a pulmonary infectjoru such as Pneumocistis carinii. the 
treatment will involve administration of lactoferrin by inhalation four times daily in an amount of 
100-200 mg per dose for a period of time of 7 to 10 days. For Kaposi's sarcoma treatment will 
involve topical administration of lactoferrin in an ointment, twice daily, in an amount of 50-100 
mg per dose for three to four weeks. Fun^ infectior^, depending on the type and location, are 
treated orally, by intravenous injection, or topicd administration. For example, infections, such 
as vaginal candidiasis, are tr^ted with lactoferrin in a form of douches (vaginal wash) twice 
daily in an amount of 100-200 mg per dose. Diarrhea, while not usually life threatening, can be 
dang^ous, particularly in infants, because of the potential for fluid imbalance. By virtue of its 
high affinity for iron, lactoferrin can inhibit the growth of pathogens in the gastrointestinal tract. 
Treatment of diarrhea will involve oral administration of lactoferrin twice daily at an amount of 
100-200 mg per dose for a period of time of 7 to 10 days. The treatment of ulcers caused by 
Helicobacter pylori is also facilitated by the use of lactoferrin, Lactoferrin will not only prevent 
utilization of iron by the bacteria by s^uestering excessive iron from food, it will also deliver 
the iron to the small intestine where it is recognized by receptors specific to lactoferrin. 
Jreatment will involve oral administration of lactoferrin twice daily in an amount of 200-400 mg 
per dose for a period of time of 7 to 10 days. Neonatal sepsis, which can coincide with low 
production levels of lactoferrin in newborn infants, is also subject to treatment by lactoferrin in 
axxotdancG with the present invention, and particularly in combination with current antibacterial 
therapy. Treatment will include intrav^ous administration of lactoferrin twice daily in an 
amount of l(K)-200 mg p^ dose for a period of time of 7 to 10 days. In patients having bums 
OVCT a large portion of the body, the plasma level of lactoferrin increases 10 to 20 times the 
normal amount, the body responding to injury by secreting a powerful antimicrobial 
agent-lactoferrin. Topical administration of lactoferrin to bum patients, by sequestering non, 
will prevent development of surface infection. Treatment will involve topical administration of 
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lactoferrin in an ointment, cream, or other topical vehicle twice daily in an amount of 50-100 mg 
per dose for a period of time of three to four weeks. Chronic iron overload, known as 
hemosiderosis, is characteri2;ed by greater than noraial iron levels in certain body tissues. When 
associated with tissue injury, tiie condition is known as hemochromatosis. Lactoferrin, as the 
natural chelating agent for iron, offers a viable treatment for such disorders. Preferable treatmont 
involves intravenous or subcutaneous doses of lactoferrin once dmiy at an amount of 300-500 
mg. Lactoferrin can also be used to sequester iron implicated hi heart disease. By sequestering 
iron th^ promotes the oxidation of lipids, which when oxidized can clog arteries, lactoferrin can 
aid in reducii^ heart attacks- The prophylactic freatment involves intravenous admioistration of 
lactoferrin twice weekly in an amount of 200-500 mg. The treatment is contemplated for high 
risk patients having high levels of cholesterol Ischemic heart disease remains the most 
important cause of morbidity and mortality in the U.S. Over llie last decade acute 
revascularization with thrombolytic drags has emerged as the standard treatment for patients 
with acute myocardial infection. Considerable evidence has emerged over the last decade which 
mdicates that iron may play a key role hi pathogenesis of reperfusion mjury in the heart. 
Lactoferrin can sequester large amounts of iron Aat tend to be released foUowmg heart attacks, 
which thus reduces the amount of kon available for reacting wifli oxygen to generate free 
radicals, which cause damage to muscle fibers and cell walls. Preferable treatment involves. 
Intravenous administration of lactoferrin immediately after heart attack in an amount of 
500-1,000 mg. The treatment of a pneumococcal, streptococcal or staphylococcal infection 
foUowmg ttauma of the comea is also facilitated by lactoferrin. These infections are usually 
primary caus» of corneal ulcers. The treatment will involve topical administration of lactoferrin 
m an ointment, eye drops or other topical vehicle twice daily in an amount of 10-20 mg per 
applicatioiL Lactoferrm can also be utilized to sequester n^on from contact lenses having an 
application in antisq>tic treatment of leases between wearing times. The effective solution will 
consist of 0.1-1,0% of lactoferrin in water. The teeatment of tumors, such as brain tumors, can 
also be facilitated by the use of lactoferrin. Newly developed catherization procedures permit 
the delivery of lactoferrin directly to a blood supply aorta of a tumor, such as a brain tumor, 
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which, by reducing the iron necessary for metabolism of the tumor cells, can prevoit the growth 
of the tumor. Treatment will involve weekly administration of lactoferrin through a 
microcatheter in an amount of 1-2 grams per dose for a period of time of three to six months* 
Lactoferrin can also be used as an adjuvant in vaccination. Subunit antigens and peptides made 
by recombinant DNA technology are not very immunogenic, making their use as vaccines 
contingent upon the availability of adjuvants that are safe for use in humans and are able to 
augment sufficiently the immunogenicity of these molecules. Because it modulates a number of 
immunological responses including myeloid diflForentiation, modulation of macrophage-mediated 
cytotoxici^, and regulation of the primary antibody response, lactoferrin can be used as such an 
adjuvant The lactoferrin is systemicdly administered at 100-200 mg per vaccinatioa 
Lactoferrin administration before, during, or after vaccination is contemplated based on the 
specific antigen used for the vaccine. 

The nutritional supplement of the present invention contains an effective amount of 
lactoferrin loaded with iron, either alone or in combination with one or more nutritionally 
acceptable Carrie or adjuvants. Preferred nutritional supplements include tablets, gelatin 
c^sules, or liquids containing the lactoferrin together with adjuvante or diluents, such as lactose, 
dextrose, sucrose, mannitol, sorbitol, cellulose, and glycine; binders, such as magnesium 
alxmiinum silicate, starchy paste, gelatin, tragacanth, methyl-cellulose, sodium 
carboxymethylcellulose, and polyvinylpyrrolidone; disintegrants, such as starches, agar, alginic 
acid or its sodium salt, and effervescent mixtures; as well as absorbents, colorants, flavors and 
sweeteners. Alternatively, the iron-loaded lactoferrin can be added to foods such as baby 
formula, cereal, and ice cream to enhance the nutritional value of tiie food. The preferred 
amount of kon-loaded lactoferrin in the supplement based on the weight of 1 g of the supplement 
is 5-50 mg, more preferably 20-30 mg, and most preferably 25 mg. An effective daily amount of 
based on the individual, iron-loaded lactoferrin varies, ftom about 10-30 mg, preferably 20-30 
mg, and more preferably 25 mg. Loading lactoferrin with iron is accomplished by simple 
titration with, e.g., ferrous ammonium in tiie presence of bicarbonate, according to methods that 
will be readily apparent to the skilled artisan. Preferred loading is such that at least about 35%, 
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more preferably at least about 50%, and most preferably at least about 70%, of the metal binding 
sites are iron bound Lactoferrin can be applied to food (either solid or liquid) to retard spoil^e 
in accordance with the present invention either alone or compounded with any of the aforesaid 
nutritionally acceptable carriers or diluents. By sequestering iron, and Ihereby suppressing its 
catalytic activity, the lactoferrin reduces the iron available for either microbial multiplication or 
the production of potentially cell-damagmg free-radicals that are formed in iron catalyzed 
reactions from hydrogen peroxide or superoxide. For example, the lactoferrin is particularly 
usejaj in inhibitiiMg rancidity in meat, which is iron-dependent lipid peroxidation. To inhibit 
microbial growtii, particularly in liquid foods such as beer and wine, the lactoferrin can be added 
direcfly to the liquid or used to coat filters through which the liquid food passes during 
processing. An effective amount of the lactoferrin for retarding spoilage varies depending on the 
type and amount of food contemplated. Preferably, the amount of lactoferrin applied to food in 
accordance with the present invention varies from 0. 1 -1 mg/ml of food with which it is mixed, or 
based on the surface area of the filter or solid food io which it is applied from 0.1-1 mg/ cm^. 
The preferred amount of lactoferrin compounded witii a carrier in a food additive for retarding 
spoilage varies based on 1 ml of the carrier from 0. 1 -2 mg, preferably 0.2-2 mg. 

The antiseptic, dietary supplement, and food-spoilage retardant of the present invention 
can be sterilized and/or contain adjuvants^ such as preserving, stabilizing, wetting or emulsifying _ 
^ge|j^, solution promoters, salts for regulating osmotic pressure and/or buffers. In addition,they 
^y also contain other therapeutically valuable substances. Said compositions are prepared 
according to conventional nuxing, granulating, and coating metiiods. 

The lactoferrin contemplated for use in accordance with the present invention is 
preferably of human orighi, more preferably via DNA recombinant means, but other lactoferrins, 
such as natural bovine, goat and porcine lactoferrin, isolated and purified using methods 
applicable to natural human lactoferrin, are contemplated. 

The following non-limiting examples are provided to illustrate the present invention. All 
parts and percentages are by weight imless indicated otherwise. 
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EXAMPLE 1 
Clonin g and Expression of Lactoferrin 
Human lactoferrin is obtained from a genetically altered organism. Using breast tissue 
excised during the mastectomy of a woman during the eighth month of pregnancy, a human 
mammary gland genomic library is prepared according to the procedure of Gutter, et al,, Gen. , 
40, 1-8 (1983), which disclosure is hereby incorporated by reference. A human mammary gland 
genomic library of cDNA ligated to Xgtl 1 is available from Clontech, California, The library is 
transferred onto agar ptoes containing a hi^ density of E. coli Y 1090 (Clontech, California) (5 
X 10* plaques per 90 mm plate or I A x 10^ plaques per 150 mm plate). The plates are allowed 
to stand for 3.5 hours at to obtain a lytic growth of the phage. The plates are thereafter 
overlaid with nitrocellulose filters (Schleiher and Schnell Inc., Woubum, MA, under no* BA 85 
NC) and heated in an incubator at ST'C for 3.5 hours. 

Positive clones (i.e., containing the cDNA) are identified on the membranes using rabbit 
antibody to natural human lactoferrin purified in accordance with Example 9 described hereafter. 
Nitrocellulose filters are removed fix>m tiie plates after plaque transferral, and coated with the 
antibody purified as described under Example 9, which hybridizes with positive plaques. 
Following removal of excess antibody, positive plaques are developed by first applying an anti- 
rabbit IgG conjugated with biotin (Sigma Chemical Co., St Louis, MO), and then, following 
removal of excess biotin conjugate, applying avidin conjugated with horse radish peroxidase 
(Sigma Chemical Co., St. Louis, MO). Finally, the positive plaques are identified in the reaction 
catalyzed by horse radish peroxidase using as an enzyme substrate 4-chloro-l-N^htoL 

The positive plaques are then i^ed to infect E. coli Y 1090 to produce large amounts of 
phage in accordance with procedures set forth in Davis, et. al. (1986), supra . The resulting 
bacteriophage is purified using 10% polyethylene glycol and DNA is isolated fi'om tiie phage 
according to the procedures disclosed in Kislow, N.A.R .. 14, 6767 (1986), which disclosure is 
hereby incorporated by reference. Following the procedures in Davis, et al. (1986), supra, the 
cDNA insert encoding lactoferrin is sub-cloned as follows: the cDNA insert is cut out fi-om the 
ph^e DNA using EcoR I and purified using a high resolution ion-exchange chromatography 
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column (GEN-PAKTM pax, MUlipore Corporation, Waters Chromatography Division, Mlford, 
MA). The thus purified cDNA insert is figaled using T4 DNA Hgase into plasmid pGEM-4 
(Promega, Madison, WI) as described by Yanish-Penon et al., Gen„ 33, 103-109 (1985), which 
disclosure is hereby incorporated by reference that has been cut using EcoR I using standsttd 
techniques. The plasmid containing the insert is then transferred into E. coli JM109 (Promega, 
Madison, WI) as described by Hanahan, J. Mol. Blot. 166, 557 (1983), which disclosure is 
hereby incorporated by reference. The bacteria are transferred to agar plates containing 
ampidllin and flie positive colonies grown. The plasmid is then isolated and the cDNA insert is 
cut fiom the plasmid iKing EcoR I and purified by ion exchange chromatography as described 
above. 

The cDNA insert is then ligated into the Pichia pastoris expression vector pAO804, so as 
to be flanked by the 5' and 3' regulatory sequences of the methanol-induced alcohol oxidase gene 
(AOXl) of P. pastoris in accordance with the procedures described by Sreekrishna, et al.. 
Biochemistry. 28, 4117-4125 (1989); and Rotiistein, Methods in Enzvmologv. 101, 202-210 
(1983), \^*ich disclosures are hereby incoiporated by reference. The resultmg vector is then 
transformed into Pichia pastoris GTS115 (His4) by the method of spheroplast as described by 
Creeg, et al., Mol. Cell. Biol. 5, 3376-3385 (1985), which disclosure is hereby incorporated by 
reference. The selected transformant cells are grown in 10 ml buffia^d minimal 
glycerol-complex medium at 30°C with shaking for three days. The saturated culture is 
cQitiifuged for 10 minutes at 3000 G. The cell pellet is resuspended with 2 ml of buffered 
minimal methanol-complex medium ^d retamed to the 30*^ shaker for another three days. 
Cells are pelleted by centrifiigation and both the pellet and sup&natasA are analyzed for the 
presence of lactoferrinu Alternatively, tiie procedure of Hagenson et al., Enzvme Microb. 
Technol., 1 1, 650-656 (1989), which disclosure is hereby incorporated by reference, is followed 
to grow the cells in a fennentor up to OD^oo of about 1.0 then harvested, and washed with and 
suspended in minimal meflianol media at an OD500 ^hout 4.0. Hie culture is held at 30°C while 
maintained at a pH of 5.0 by adding NH3 gas to the air stteam. Expressed lactofenin is 

recovered from the supernatant of the fermentation media followii^ 15 minutes centrifiigation at 

16 



5000 rpm using a Beckman J-21B with a Rotor JA 14. 



EXAMPLE 2 
Concentration and Initial Pxmfication of Lactoferrin 
One liter of tlie supernatant from Example 1 is adjusted to about 40C and filtered under 
pressure through a polysulfone ultrafiltration membrane having a pH operating ran^e of 1-14 on 
a polypropylene mesh support (PELLICON™ Cassette filter System assembled with Procon 
pump and PTGC membrane^ Millipore Corporation, Kfilford, MA) to retain proteins in excess of 
about 10,000 molecular weight. Pressure with simultaneous circulation is ^plied until 900 ml of 
ultm filtrate is collected. A flow rate of about 100 ml per minute is maintained during the 
filtration process. The retained material (100 ml) is diluted with 900 ml 20 mM phosphate buffer 
(pH 7.4) and re-filtered, which is repeated four times (fijial exchange ratio = 10,000). The final 
material retained is sterilized (022 micron GELMAN™ filter). 

EXAMPLES 

Purification of Lactoferrin using Affinity Chromatography 
Human lactoferrin is purified using afiBnity chromatography in which the aflSnity ligand 
is the leactive dye Cihacron blue F3G-A. The sterilized material obtained in Example 2 is 
adjusted to a pH of 7,5 and a final comsentration of sodium chloride of 0.5 M, This material is 
then applied onto a column (5 cm x 35 cm) packed with cross-linked agarose coijpled to tiie dye 
(Pharmacia Fine Chemicals, Uppsala, Sweden, BLUE SEPHAROSE™ CL-6B) and previously 
equilibrated with 50mM N-[2-hydroxyethyl]piperazine-N'-[2-ethanesulfonic acid] (HEPES) 
buffer (pH 7.5) contaming 0.5 M sodium chloride. Adsorption is performed at a flow rate of 1 
ml/min followed by washing the column wifli 2 bed volumes of the same HEPES bufiFer. The 
non-adsorbed fi:action is discarded and tiie adsorbed fi:^tion containing lactoferrin is eluted fi-om 
the column b^ using 2 bed volume of 50 mM HEPES buffer (pH 7.5) containing 1 M sodium 
chloride. 
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EXAMPLE 4 
Purification of Lactoferrin ming 
Control Pore Glass (CFG) Chromatography 
Human lactoferrin is purified using control pore glass (CPG) chromatography. The 
eluate fi-om Example 3 is applied onto a column (1 .2 cm x 10 cm) packed with CPG beads (CPG 
00350, ElectroNucleonics, Fairfield, NJ.) and previously equilibrated with 50 mM HEPES 
buffer (pH 7.5) containing 1 M sodium chloride. Adsorption is performed at a flow rate of 1 
ml/min followed by washing liie column with 2 bed volumes of the same buffer. The non- 
adsorbed fi-action is discarded, and the adsorbed firaction is eluted with 2 bed volumes of 0,25 M 
tetramethylammonium chloride (TMAC, pH 7.5). The eluate is filtered on a membrane capable 
of excluding material having a molecular weight greater than 10,000 daltons (AMICONTM yM 
10). The filtered material is then sterilized (0.22 micron GELMAN™ filter) and fix>zen at - 
200C. 

EXAMPLE 5 
Purification of Lactoferrin using Immobilized Nickel 
Ion Affinitv Chromatography 
Human lactoferrin is purified using immobilized metal ion affinity chromatography 
(MAC). An imnnnodiacetic acid-epoxy activated gel (Phannacia Fhie Chemicds, Uppsala, 
Sweden, CHELATING SEPHAROSETM 6B) is washed with water and equilibrated with 0.1 M 
sodiimi acetate buffer (pH 4.0) containing 1 M sodium chloride. The gel is then packed into a 
chromatographic column (1.2 cm x 10 cm) and saturated with 4 bed volumes of the same sodium 
acetate buffer fiirther conlaining 5 mg/ml of nickel chloride. Excess metal is washed fi^om the 
column with the sodium acetate buffer, and the gel is equilibrated wilJi 20 mM HEPES buffer 
(pH 7.0) containing 1 M sodium chloride and 2 mM imidazole. 

The product of Example 4 is mixed with HEPES, sodium chloride, and imidazole to 
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obtain a pH of 7,0, 20 mM HEPES, 1 M sodium chloride, and 2 mM imidazole. The mixture is 
applied onto Ifae column at a flow rate of about 1 ml/min followed by,washing the gel with 2 bed 
volumes of 20 mM HEPES buffer (pH 7.0) containing 1 M sodium chloride and 2 mM 
imidazole. The non-adsorbed fiaction is discarded, and the adsorbed fraction containing 
lactoferrin is eiuted using 2 bed volumes of 20 mM HEPES buffer (pH 7.0) containing 1 M 
sodium chloride and 20 mM imidazole. 

EXAMPLE 6 
Purification of Lactoferrin using Tm rnobiKzed Copper 
Ion Affinity Chromatographv 

Human lactoferrin is purified using immobilized metal ion afiSnity chromatography 
(IMAC). An imminodiacetic acid-epoxy activated gel (Pharmacia Fine Chemicals, Uppsala, 
Sweden, CHELATING SEPHAROSETM 6b) is washed with water and equilibrated with 0.1 M 
sodium acetate buffer (pH 4.0) containing 1 M sodium chloride. The gel is tiien packed into a 
chromatographic column (1 1 cm x 10 cm) and saturated with 4 bed volumes of the same sodium 
acetate bufifer further containing 5 mg/ml of copper sulfate. Excess metal is washed from the 
column with ttie sodium acetate bufifer, and the gel is equiUhrated with 50 mM TRIS-HCL buffer 
(pH 8.0) containing 1 M sodium chloride. 

Lactoferrin equilibrated to 50 mM TRIS-HCL pH 8.0, 1 M NaCl is appKed onto the 
column at a flow rate of about 1 ml/min followed by,washing the gel with 2 bed volumes of 50 
mM TRIS-HCL buffer (pH 7.0) containing 1 M sodium chloride. The non-adsorbed fraction is 
discarded, and the adsorbed fraction containing lactoferrin is eiuted using 2 bed volumes of 200 
mM sodium acetate buffer pH 3.0. 

EXAMPLE? 
Purification of Lactoferrin Using 
T-Gel Affinity Chromatography 
Human lactoferrin is purified using T-gel aJBSnity chromatography. T-gel adsorbent is 
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prepared according to the procedmre described by Porath, et aL, Metfiods in Enzymologv. 44, 19- 
45 (1976X wbich disclosure is hereby incorporated by reference, and packed into a column (1.2 
cm X 10 cm). The final product of Example 4 is adjusted to a pH of 7.5 and a final concentration 
as follows: 50 mM PIPES buffer (piperazine-N,N-bis[2-ethanesulfonicacid] and 1,4- 
piperazinediethanesulfonicacid) buffer and 0.7 M ammonium sulfate. The adjusted material is 
applied on the column that has been previously equilibmted to 50 mM PIPES buffer (pH 7,5) 
containing 0.7 M ammonium sulfate with a flow rate of about 1 ml/min. The non-adsorbed 
fraction containing lactoferrin is adjusted to a concentration of 0.1 M ammonium sulfate and 
then applied to an identical T-gel column previously equilibrated to 50 mM Pff ES buffer (pH 
7.5) containing 1.0 M ammonium sulfate- The column is then washed with 7-8 bed volumes of 
50 mM PIPES buffer (pH 7.5) containing 1.0 M ammonium sulfate, with lactoferrin being 
present in the non-adsorbed fraction. 

EXAMPLES 
Purification of Lactoferrin Using 
Hydrophobic Interaction Chromatography 
Human lactoferrin is purified using hydrophobic interaction chromatography on a cross- 
linked agarose gel coupled to phenyl glycidyl ether (PHENYL SEPHAROSETM CL-4B, 
Pharmacia Fine Chemicals, Uppsala, Sweden). The gel is packed into a column and equilibrated 
to 50 mM PIPES buffer (pH 7,0) containing 1 M ammonium sulfate. The product of Example 4 
is adjusted to the equilibrating buffer and applied onto the column at a flow rate of 1 ml/mm. 
The non-adsorbed fi:Bction is discarded and the adsorbed fi:action containing lactoferrin is eluted 
usmg 2 bed volumes of 50 mM PIPES buffer (pH 7.0). 

EXAMPLE 9 
Purification of Anti-Lactoferrin Serum 
Anti-lactoferrin serum is purified by affinity chromatography. The adsorbent substrate for 
affinity chromatogr^hy is pr^ared by cyanogen bromide activation as described by Axen et d., 
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Nature. 214, 1302-1304 (1967), \^ch disclosure is hereby incoiporated by reference. The 
substrate (Phannacia Fine Caiemicals, U^ysala, Sweden, CNBR-SEPHAROSE™ 4B) is 
coupled to human lactoferrin, which acts as the affinity ligand, as follows. One gram of 
substrate is swelled with 1 mM HCl and washed with the same solvent on a sintered glass filter. 
Ten mg of natural human lactoferrin (Sigma Chemical Co., St. Louis, MO) is dissolved in 0.1 M 
NaHC03 buffer (pH 83) containing 0.5 M sodium chloride (coiqjling buffer). The resulting 
solution is mixed witii the washed substrate gel for 2 hours, and then mixed with 0.2 M glycine 
bufifar (pR 4.0) for 2 hours. The gel is then washed wifli coupling buffer, followed by 0.1 M 
acetate buffer (pH 4.0) contmnrng 0.5 M sodium chloride, followed again by coupling buffer to 
form the adsorbent. The adsorbent is packed into a column and washed with 20 mM phosphate 
buffer (pH 7.4) containing 0.5 M sodium chloride. Anti-lactoferrin serum obtained from an 
inoculated rabbit (Sigma Chemical Co., St Louis, MO) is passed through the colunm at a flow 
rate of 1 ml/min and the non-adsoited material discarded. Adsorbed material containing &e 
purified protein is eluted with 2 bed volumes of 02 M glycine buffer (pH 2.0) containing 0.5 M 
of sodium chloride. The eluate is neutralized with 0.1N NaOH to obtain pH 7.5 and then 
sterilized (0.22 micron GELMAN™ filter) and frozen at -20°C. 

EXAMPLE 10 

rionifi p pf Human Lactoferrin Gene bv PCR . . 

The human lactoforin gene is cloned by PCR amplific^u fmm a human mammary 
gland library in Phage DNA is prepared fi»m the library by using standard procedures 
described in Maniatis (1989), supra . Oligonucleotide primers are prepared to the 5'- and 3'-ends 
of the gene based on the sequence published by Powell, et al. (1990), supra . The 5'-oligo is 
designed to begin at the coding sequence for the first glycine of tiie mature lactoferrin protein as 
defiaied by Powell, et al. (1990), svpu. and the 3'-oligo mcluded the lactoferrin stop codon and 
21 nucleotides beyond. These oligonucleotides are {nepared on an Applied Biosystems DNA 
synthesizer Model 380A and vf&e obtained fit>m Roswell Park Cancer Institute, Buf^o, New 
Yoric Each oligo also created a restriction endonuclease recognition site, the 5'-oligo contained 
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a BamH I site and the S'-oligo an Xba I site. The sequences of tiiese oligonucleotides are given 
below: 

5'-oUgo AGCGGATCCGGCCGTAGGAGAAGGAGTGTTCAGTGG (Seq. ID No. 3) 
BamH I 

3^-oligoCGATOMATTACTTCCTGAGGAATCCAC^ (Seq^IDNo.4) 
Xbal 

PCR anq)lification of the cDNA library using these oligonucleotide primers is performed with a 
temperature cycler (Genetic Thermal Cycler, Precision Scientific), utiliziog Tag polymerase. 
Amplification conditions are: L5 min. 9A^C, 2 min. 5(fC, 5 min. 60T for 35 successive cycles. 
PCR amplification of the cDNA library resulted in production of a 2 kbp product, which is not 
observed when either primer is used alone, as shown by agarose gel analysis in Fig, 4 (molecular 
mass markers are indicated at the left of the figure). 

EXAMPLE 11 
Restriction and Sequencing of Lactoferrin Gme 
The PCR amplified firagment is cut with restriction enzymes BamH I and Xba I and 
following agarose gel purification is ligated into pl^mid pUC 118 and transformed into E.GQli 
JMIOL A large amount of plasmid DNA is prepared for restriction enzyme digestion and 
sequencing. The cDNA lactoferrin insert is cut out with BamH I and Xba I and afier agarose gel 
purification is subjected to digestion with the following restriction enzymes: Bgl I, HgiA I, Pvu 
n, andStuL The digestion is carried out at 37**C for two hours. Size of the DNA fi:agments is 
determined in 2% agarose gel and is shown here as Fig. 8. Fig. 8 is a reslriction firagment map of 
the cDNA lactoferrin gene. The top diagram shows the predicted digestion pattern, while the 
bottom gel illustrates the size of fragments obtained during digestion. Lanes 1 and 7 show 
molecular mass makers, lane 3 shows the insert encoding the lactoferrin gene, and lanes 2, 4, 5, 
and 6 show digestion of the insert with restriction of the enzymes Bgl I, HgiA I, Pvu II and Stu I, 
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respectively. The digestion of cDNA lactoferrin witfi restriction enzymes Bgl I, HgiA I and Pvu 
n generate fragments which follow liie pattern of a full length lactoferrin clone. Digestion with 
Stu I generates two (rather than flie predicted three) fragments due to mefliylation of the DNA 
sequences which overlap the recognition sequence of the restriction endonuclease. 

The cDNA insert encoding the human lactoferrin gene is sequenced in multiple directions 
using the dideoxy termin^on method of Sanger, Proc. Nat Acad. Sci> USA. 74, 5463-5467 
(1977), which disclosure is hereby incorporated by reference. Oligomers of 18 bases 
corresponding to the sequence of 250, 502, 751, 1003, 1252, 1502, and 1751 residues were made 
and used as jnimers. The nucleotide j^uence (Seq. ID No, 1) of the instant clone is shown in 
Figures. 

EXAMPLE 12 
Construction of Plasmids nUCl 18-LF and nUCl 18-LFS 

The PGR product of Example 10 is digested with BamH I and Xba I, isolated j&om a 
0.7% low melting agarose and ligated into pBlueScriptKS+ (Strata gene Corp-X which is 
digested with the same restriction en2ymes. The resulting plasmid is designated pBSlacto. The 
lactoferrin gene containing fr^ment is then cut out from pBSlacto usmg Hind III and Sst I and 
subcloned into pUCllS, v^ch is also cut with fliese enzymes. The resulting plasmid is named 
pUC118-LF and contains the mature i^toferrin gene, that is the nucleotide sequence (Seq. ID 
No. 1, Fig. 3) encoding the mature lactoferrin protein (Seq. ID No. 2, Fig. 3). 

To allow secretion of the lactoferrin protein, the signal sequence is added to the 5 -end of 
the clone using synthetic oligonucleotides based on tiie signal sequence published by Powell, et 
al- (1990), sfupra. The oligonucleotide used ai^ shown below: 

Lacto signal I: AAGCTTA TGAAACTTGTCTTCCTCGTCCTGTTCTTCCTCGGG 

Hind III (Seq. ID No. 5) 
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Lacto signal H: e^TCeAGCCAGAGAGAGTCCGAGGGCCCCGAGGAA 

BamHI (Seq.E)No.6) 



The Lacto signal I contains a Hind III restriction site and the first 12 codons including the 
initial methionine. Lacto signal II contains a 5a/wi7/ restriction site and the final 10 codons of 
the signal peptide sequence. The final 9 nucleotides of two oligos are complementary and are 
annealed, filled-in with the Klenow j&agment of DNA polymerase I fi-om E. coli . TTie resulting 
double-steanded DNA fragment is digested with Hind III and BamH I and ligated into pUCl 18- 
LF, vAdtii is similarly digested. The resfulting plasmid, pUCl 1 8-LFS, contains a signal sequence 
with the natural lactoferrin sequence. 

EXAMPLE 13 
Construction of Expression Plasmid pHIL-Dl-LFS 
Plaanid pUC118-LFS of Example 12 is digested with /fim//// and /and the digested 
DNA is filled in with Klenow DNA polymerase to produce blunt ends. The LF gene witili tiie 
si^ sequence (LFS) is gel purified and ii^rted to pHIL-Dl cut witii EcoR 1 and blunt ended. 
pHILDl-LFS with the cMiect orientation is idaitified by screening quidc plaanid DNA preps 
for correct orientation by Sh< I digestion. In tbe correct orientation fiagments of size 3.856 Kb 
and 5.84 Kb are expected. In the wrong orientation fiagments of sizes 2.23 Kb and 7.46 Kb are 
expected. Several clones (>12) in the correct orientation are obtained, pooled, and used for 
Pichia transformation. In pHILDl-LFS the 5' untranslated region is as follows: 

ATTATTCGAAACGAGGAATTAGCTTATG (Seq. ID No. 7). The nucleotide 

compo^tion of -1 to -25 position is AT:GC=68:32, vMch is in the preferred range for Pichia 
expression. 

Plasmid pHILDl-LFS is divided into two portions. One pat is cleaved with Sac I (to 
direct integration into ihe AOXl locus of Pichia strain KM71 [aoxl::ARG4, His4]) and the other 
part is cleaved with Sal I (to direct integration into His4 locus of KM71). Approximately 240 
His+ transformants axe obtained vwth Sac I cut DNA, and approximately 120 His+ transformants 
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are obtained with Sal I cut DNA. 



EXAMPLE 14 
Construction of Expression Plasmid i)PIC9-LF using 
Alpha Mating Factor AMF 
Plasmid pPIC9 (Phillips Petroleum Co., Bartlesville, OK) is cut with Not I restriction 
enzyme and alkaline phosphatase treated. Next it is cut with Xho I restriction enzyme. The 
vector fia^ent is purified on agarose gel to separate it &om the small Xho I-Not I fragment 
(approx. 43 bp). The purified vector is ligated with alpha mating fector, which is the following 
1 l-mer jgnlhetic oligonwleotide, in which only the top strand is Idnas^. 

(P-TCGAGAAAAGA 

CTTTTCTCCGG-OH) (Seq. ID No. 8) 

The pPIC9 vector fiagment linked with the 1 l-mer oligonucleotide is gel purified to separate it 
from excess 1 l-mer oligonucleotides. Tbe resulting gel-purified linked vector fiagment, which 
has Xma in and Not I ends, is ligated with the gel-purified Xma III fragment containing the 
m^e lactofmin gene from Example 13 (Xtna HI end is compatible with Not I end, thus the 
Xma III fragment can ligate into the Xma m/Not I ends of the vector). The resulting vector is 
transformed into Pichia pastoris GTS 115 (His4) (Phillips Petroleum Co., Bartlesville, OK) by 
the mediod of spheroplast. The selected transformant cells are used for expression of lactoferrin 
in a ^lake flask e}q>erimeDt 

EXAMPLE 15 
Expression. Purification and Characterization of 
Human Lactoferrin from Pichia pastoris 
The selected transformant cells from Example 14 are grown to saturation in 10 ml of 
buffe-ed minimal glycerol-complex medium in a 50 ml plastic tube in a 30°C shaker at 300 
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revolutions/mm. for three days. The saturated ciilture is centrifuged for 10 minutes at 3,000 G. 
The ceil pellet is resuspended with 2 ml of buffered minimal methanol complex medium and 
returned to the 30X shaker for another three days* The supernatant is analyzed for presence of 
lactoferrin by SDS-PAGE and Western Blot. Lactoferrin is isolated and concentrated from the 
growth media in one step chromatography. Epoxy agarose is saturated with copper-ions 
(CuS04, 5 mg/mlX washed with 50 mM Tris-HCl buffer, pH 8.0. About 200 mg of gel is used 
for adsorption of lactoferrin fix)m 1 ml of expression medium. The gel is washed with 10 ml of 
equilibration buffer and lactoferrin is recovered from the gel with 1 ml of 0,2 M ammonium- 
acetete buffer, pH 3.0* 

After lyophilization, proteins are dissolved in 50 ml of SDS sample buffer. SDS-PAGE 
^ electrophoresis is performed on 9% acrylamide gels according to Laemmli, U.K., (1970) Nature 
i3 227, 680-685, the disclosure of which is incorporated by reference herein, and silver stained 
After SDS-PAGE electR)phoresis, proteins are transferred to nitrocellulose filters with semi-dry 
O transferring apparatus. The filters are Mocked overnight with 5% non-fet dry milk in 50 mM 
m Tris HCl buflfer, pH 8.0. After a brief washing with 50 mM Tris-HCl buffer, pH 8.0, filters are 
incubated with rabbit monospecific polyclonal anti-lactoferrin antibodi^ (1 :20,000 dihition) for 
^ 2 hr at room temperature, w^hed four tunes with 50 mM Tris-HCl, 0.15 M NaCl, 0.05% Tween 
Jt| buflfer, pH 8.0, and incubated for 30 min. with protein A conjugated to a horseradish peroxidase. 
u jj^Q washes are repeated; the filters are incubated with a chemiluminescent detection kit for 1 
niin. and exposed to Kodak X-ray film for 1 min. 

Fig. 9 shows flie SDS-PAGE analysis (elution from Cu"^-epoxy agarose) of the Ihus 
recovered lactoferrin in lane 4 compared to native lactoferrin from human milk as a positive 
control in lane 2 and a negative control in lane 3 (mediimi pass through Cu^^-epoxy agarose). 
Fig. 10 shows the western blot analysis (elution firom Cu*^-epoxy agarose) of the tiius recovered 
lactoferrin in lane 3 compared to native lactoferrin fi-om human milk as a positive control in lane 
1 and a negative control m lane 2 (medium pass through Cu"^"^-epoxy agarose). Molecular mass 
markers (in kDa) are indicated at the left of Figs. 9 and 10. The results show that the expressed 
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